grains rather than their refined equivalents [10] . However, in the postprandial state, the consumption of most wholewheat or wholegrain breads and refined breads tend to result in similar high blood glucose and insulin responses, while pasta, a refined grain product, results in significantly lower blood glucose and insulin responses. In previous studies investigating the association of food groups and breast cancer risk, bread and pasta were analyzed as one food group [11] , while in later analyses bread was found to increase the risk of breast cancer in postmenopausal women while pasta was not [12] . The present analysis is an investigation of the role of sex and menopausal status in the association of bread and pasta with the risk of breast and colorectal cancers.
materials and methods
Two multicentre case-control studies, one on breast cancer and one on colorectal cancer, were conducted between June 1991 and June 1996 in six Italian areas: the Provinces of Pordenone and Gorizia in north eastern Italy, the urban areas of Milan and Genoa, the Provinces of Forli', in the North of the country, Latina in central Italy and the urban area of Naples in the South. Cases were women and men with incident histologically confirmed cancer of the breast or colorectum, diagnosed no more than 1 year before the interview and with no previous diagnosis of cancer at any site. The breast cancer study included 2569 women aged 23-74 years (median age 55) and the colorectal cancer study included 1225 subjects with cancer of the colon (688 men and 537 women, median age 62, range 19-74 years) and 728 with cancer of the rectum and rectosigmoid junction (437 men and 291 women, median age 62, range 23-74 years).
Controls were patients with no history of cancer, admitted to hospitals within the same catchment areas of those where cases were identified. Eligible diagnoses were acute, non-neoplastic, non-gynaecological conditions, unrelated to hormonal or digestive tract diseases, or associated with long-term modifications of diet. In the breast cancer study, they included 2588 women, aged 20-74 years (median age 56), and in the colorectal cancer study they included 2073 men and 2081 women aged 19-74 years (median age 58) belonging to the following diagnostic categories: trauma, mostly fractures and sprains (22%, 27% in the breast and colorectal cancer studies, respectively), other orthopaedic disorders, such as lower-back pain and disc disorders (33%, 24%), acute surgical conditions (15%, 18%), eye diseases (18%, 24%) and other miscellaneous disorders, such as ear, nose and throat, skin and dental conditions (12%, 7%). Cases were frequency matched to controls according to age in quinquennia and area of residence. Approximately 4% of cases and controls approached for interview during their hospital stay refused to participate.
The same structured questionnaire and coding manual were used in each centre, and all interviewers were centrally trained and routinely supervised. Checking data for consistency and reliability was also centrally conducted. The questionnaire included information on sociodemographic characteristics, such as education, occupation and socioeconomic indicators, lifelong smoking habits, physical activity at various ages, anthropometric measures before diagnosis, weight at various ages, a problem-oriented personal medical history and family history of selected cancers. Also included was menstrual and reproductive history, history of use of oral contraceptives, hormone replacement treatment and female hormonecontaining drugs for other indications. Dietary habits were investigated through an interviewer-administered food frequency questionnaire (FFQ) that included 78 items. The FFQ assessed the subjects' dietary habits during the 2 years before cancer diagnosis or hospital admission (for controls). The assessment included total energy, average weekly frequency of consumption of foods or food groups, as well as complex recipes. Satisfactory reproducibility [13, 14] and validity [15] of the FFQ have been reported. To compute energy and nutrient intake, an Italian food-composition database was used [16] .
Odds ratios (ORs), and the corresponding 95% confidence intervals (95% CIs), for quintiles of bread and pasta were computed using unconditional multiple logistic regression models [17] . The regression equations included terms for age, study centre, years of education, occupational physical activity, body mass index (BMI), history of diabetes, oral contraceptive use, parity, menopausal status, number of daily meals, intake of fibre, alcohol and quintiles of energy.
results
The distribution of breast and colorectal cancer cases and controls according to age and selected characteristics has been previously published [12, 18] . Table 1 shows the ORs of breast cancer after adjusting for known and likely risk factors for the highest versus the lowest quintile of intake: 1.28 (95% CI: 1.03-1.58, P-trend = 0.0342) for bread and 1.07 (95% CI: 0.88-1.31, P-trend = 0.7072) for pasta. The positive association with bread remained significant in postmenopausal women only while the association with pasta was not significant in any menopausal strata. Stratifying by BMI showed a positive significant association with bread in the higher BMI stratum: OR 1.45 (95% CI: 1.07-1.96, P-trend = 0.0359). Stratifying by age showed a positive association with bread only for ages between 55 and 64 years: OR 1.60 (95% CI: 1.10-2.32, P-trend = 0.0388).
The ORs of colorectal cancer in men and women together were: 1, 1. Tables 2 and 3 show the ORs after stratifying by sex, the associations of colorectal cancer for the highest versus the lowest quintile of intake was significant in women only: 2.02 (95% CI: 1.46-2.80, P-trend = 0.0002) for bread and 1.37 (95% CI: 1.00-1.88, P-trend = 0.0164) for pasta. In premenopausal women, the OR for the highest versus the lowest quintile of bread intake was 3.62 (95% CI: 1.48-8.89, P-trend = 0.0004) and in postmenopausal women it was 1.86 (95% CI: 1.30-2.66, P-trend = 0.0105). The heterogeneity test was significant in strata of menopause (P = 0.0134). In strata of BMI, the association remained significant only at higher BMI: OR = 2.55 (95% CI: 1.58-4.02, P-trend = 0.0005). No significant association was found for pasta in strata of menopause or BMI. Stratifying for age did not materially change the positive associations with bread in women. In men, no significant association was found overall or in strata of BMI or age for both bread and pasta.
discussion
The main sources of carbohydrates in the Italian population are bread and pasta (20.5% and 13.4% of total carbohydrate intake, respectively) [19] . In these two large case-control studies conducted in Italy, bread, a carbohydrate food with higher glycemic and insulinemic potential, appeared to be more strongly related to the risk of breast and colorectal cancers than pasta. However, these associations were mainly observed in women and not in men. Elevated BMI, postmenopausal status and age between 55 and 64 years appeared to enhance the risk of breast cancer when the diet was rich in bread, but not pasta. Overall these studies suggest a possible role of insulin, growth hormones and sex hormones.
Several lines of evidence suggest a role of glucose and insulin in promoting tumor growth [20, 21] , hence it has been suggested that the nature of the carbohydrates consumed may play a role in carcinogenesis [22] . Dietary carbohydrates have different glycemic potential which is captured by the GI classification [9] . Carbohydrate foods with high GI values result in higher postprandial blood glucose and insulin levels for the same amount of carbohydrate than foods with low GI values [9] . Insulin and high GI diets have been implicated as risk factors for several cancers, including that of the breast and colorectum [3, 4, 21, 23, 24] . The mechanism suggested is that the higher GI diets by increasing postprandial glucose and insulin could stimulate insulin-like growth factor-1 (IGF-1) receptors or reduce IGF-binding protein, thereby increasing the bioavailability of IGF-1. Stimulation of IGF-1 receptor results in mitogenic and anti-apoptotic effects on human mammary and colorectal cell lines [25, 26] . Epidemiologic evidence suggests a promoting effect of IGF-1 on breast [27] and colorectal carcinogenesis [28] . IGF-1 is also a powerful negative regulator of sex hormone-binding globulin synthesis in vitro, thereby potentially increasing estrogen bioavailability [29] . Estrogen is a cell-proliferating hormone and a risk factor for breast cancer. Research findings have shown that IGF-1 may activate estrogen receptors [30] and one of the mechanisms suggested for the antiestrogenic drug Tamoxifen, used in breast cancer therapy, is related to depressed levels of IGF-1 [31] . This sex-hormone mechanism may explain the stronger association observed in women than in men for colorectal cancer.
The higher breast and colorectal cancer risk seen in women with higher BMI in our analyses is expected as body fat is indeed the main site of estrogen synthesis when the ovaries cease its production, and it is also directly associated with high circulating insulin levels [21] . Diets rich in bread, by increasing ORs were estimated using unconditional multiple logistic regression models after adjustment for age, years of education, study centre, BMI, occupational physical activity, meal frequency, alcohol consumption, fibre, energy intake, history of diabetes, oral contraceptive use, menopausal status and parity.
original articles Annals of Oncology insulin secretion, in the long run, may worsen the effect of a high estrogenic environment. Given that in hormone-untreated postmenopausal women, estrogen levels tend to be lower than in premenopausal women, and that our statistical model included adjustment terms for major risk factors, the greater breast cancer risk seen with higher bread and not with pasta consumption in postmenopausal women suggests a true promoting effect of high bread consumption. As a possible mechanism, it is tempting to speculate an interplay between insulin, the IGF axis and sex hormones. Others have proposed a possible link with estrogen also in colorectal carcinogenesis, suggested by the higher risk of colorectal cancer with higher estrogen levels after controlling for insulin, IGF-1, waist circumference and other risk factors [32] . Our analyses of women in the colorectal cancer study may support these results as premenopausal women had significantly higher risk of colorectal cancer than postmenopausal women; however, these results should be taken with caution since there were very few women in the premenopausal stratum. While the majority of human malignancies including colorectal cancer are age-related, the cancer-age relationship in the mammary gland differs from most other organs. The agespecific incidence of breast cancer rises exponentially until menopause (∼50 years of age) followed by a slower rate of increase. The early-onset type of breast cancer (∼50 years of age) is thought to represent largely the inherited or early life transforming events affecting the mammary epithelium, while the late-onset type of breast cancer (∼70 years of age) is thought to represent an early mutagenic initiating event which is then subjected to a life-long exposure to exogenous and endogenous promoting agents such as estrogen and insulin. However, in our study the higher breast cancer risk in women between 55 and 64 years of age with high bread consumption not observed with pasta consumption suggests the possibility of risk modulation by environmental factors even in the early-onset type.
As in most case-control studies, recall and selection biases are possible [17] . However, awareness of any dietary hypotheses in breast or colorectal cancer etiology, most notably the one concerning possible adverse effects of dietary carbohydrates, was limited in the Italian population when the study was conducted. While it is possible that dietary habits of hospital controls may have differed from those of the general population, great attention was paid to minimize bias by excluding all control subjects with conditions that might have been associated with special dietary habits (e.g. diabetes mellitus, cardiovascular diseases, etc.). Moreover, interviewing all subjects in a hospital setting may have allowed greater comparability of dietary history between cases and controls, and adjustment for total energy intake should have controlled for potential over-and under-reporting. Participation among eligible patients was practically complete and the catchment areas for cases and controls were comparable. Intake of bread and pasta in our control subsets [19] was similar to those reported in the general population [33] . Overall, our current analyses suggest that consumption of pasta may not be linked to an increase in female breast and colorectal cancer risks seen with high bread consumption also in strata of highly susceptible individuals. references
